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' deexcitation may occur, not at the place and in the atom where the

. loss to the copper atoms, sparsely distributed in the crystal lattice,
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MIGRATION OF ENFRGY

[Following is a translation of an article ty V. K.
Terusov in the book Osnovy Biofizikii i Plofizicheskoy
Khimii (Fundamentals of Biorayeics and Biophysical Chame
{etry), Part I, Moscow, 1960, pp 26-3%])

é
i .
In a study of the luminescence of crystals, it was found that ;

photon struck, but at some distance. This phenomenon is observed
when theve are impurities, even very-negligitle, in the crystal., For .
exarple, luminescence occurs under the influence of radiocactive emis-
eions on crystals of zinc sulfide containing copper as an impurity in
emounts of 0.,01%. A spectral investigation shows that the copper ate .
cms luminesce exclusively. The amount of energy obtained dy the crys-
tal 1s almost completely deexcited:by the copper atoms, although the
overwhelming amount of the energy is absorbed by the zinc and sulfur
stoms., These experiments show that the zinc and sulfur atoms are ca-
pable of absorbing radiant energy and transferring it almost without

Such & phenomenon has als3o been detected in other crystals and even
in noncryatalline systems. ﬁ

A characteristic feature of this phenomenon proves to be the
fact that the migration of the electron occurs at great distances,
from the molecular point of view, When en electron is movsed from the
atom that absorbed the qugntum to the emitting atom, it must cover a
space extending up to 50 A and avoid most of the atoms. It is charac-
teristic that the electron possesses an affinity precisely for the
fluorescing atoms, and does not expend its energy while completing
this complex Journey. :

The machanism of this phenomenon 48 explained by the structural
peculiarities of the crystals. In the crystal lattice there are elec-
trons that ere components not of' each ziven atom, dbut are general com-
ponents of the entire crystsl. 1In crystals possessing electron con-
duction, according to the quantum conditions, bands with varicus ener-
gy leveis are formed, which are filled with electrons, Part of the
level may remain unfilled in this cace. When a quantum of energy is
absorbed in the besic lattice of the crystal, an electron from an Oc-
cupied band pazses into an unoccupled hand, migrates along it, and,
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Siviag oif 1ts eagergy, goes doun to © lewer leval., ‘The ermpty place
remairiag in the naad B i3 f1lled bv one of the electrons from ane

other band € (Fig. 3). |
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Fig. 2, Scheme of migreticn of eliectirons in cryvetals

{Riehl).

A -~ conduction band; B ~- higher subsiituted band; C == = =
forvidden transition; L -- stete befere excitation.

The theory has been advanced that the n-graticn ‘of energy msy
also occur withcuu direct migration of ciectrons. Frenkel {1536) hus
indicated thet if any atom ln the molecule is found in a state o ex-
citation, this excitation cun Ye inductively transferred to ather at-
ome and rcen move until it reaches an ztum in which a reaciica arises
unier thz influence of the exsitation, Spectral investigations have

atablislied that if hydrocarbon chainz ccntain double bendz, sepne
raned from one another by geversal ordinary bonds (Fig. Ly, Lﬂen whan
energy ls absorbed the absorption bands 40 not change their »oeition, |
In chains containing so-called conjuzated hondz, i.e. double vonds ;
separated from one another by only oune crdinary wond, a lengthening
of the wave occurs, This shows that in euch a syrtem the double Lo nd
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exists in an energetic interacticn with the other doukls bonds, and
that the ensrgy abaorbed hy one bond ig also disztridutad to thn other
bonde, It is propoesed thet such a nature of the nend car axist only
in 1living protein, and thet theve are none of them in d2ed proiein,

o

H H H H
) e 4L
| H!“iHHHH ‘
=2~ C~C=(~C=C—==C
SRR
‘ A ‘ §

Flg. b, conjugated'bonds.v A ~- gystem with conjugeted
bonds; B ~- system with unconjugeted bonds,

B B AR sl i

On the basis of these obaervations, a bypothesis hes been ate
vanced {Schmidt, 1947) that-a conjugated bond arises along the pep-
t1de chain of & protein molecule as a result of the tautozerie itransi-
ticn

N C
N C N\ N
/JiN o= C C N
clc N {
H . - H
9

However, there were no experimental evidences in favor of ithis theory.
Congiderable difficulties were also encountered dy the theory
of the poesibility of migration of elentrons across the peptide honds
of protein (Evans, Gergely, 1949). The poseibility of delocalizsticn
of fr-electrons was postulated on the basis of Xerey structural analy-
sis and quentum mechaiicsl calculations. In view of this, it is cone
sidered as proven that the M-electrons ¢f nitrogen and CC can b2 dis-

placed
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Ln.lonz & yrotein bridge, » o N

resuly of tha transfer of nlnctmm, Rusg Xzt of youtnarie phinone

samt time vo kuow that all the fibrils sro shiortencd, aud theve ers f
.loass centers thaan fibriis, Tos alinrtaning of the § tbz*na Socurs in

: mic’a an iron-contelaing group Lo ziluated, .Jw roleculas wism m*
‘eytochrome 18 oFf the ordey of seversl husdvaftzy Of thouser’s, .

- In ordey for the Cransfer of cxygen fyom ope atom of ixen to eawblor

A}cwkgmrﬁmggg{
l ) \ S
Qmo

Tuis in? arast*tr& peopeanl ic up@cuatiw m ALTUS,

One of tha mast uvrgerd problers of wedcra bicpkrsics La g ;
prodiem of vhathey wigration af enerey sonurs dwring hiologlcal pw S8
gores and with tho ald of what woobonimgs 4t i eccorpliebed: o s

e O vihntion ocensont The high eftlolonsy of cartade protcants)
that tads place in livieg syscems wight by axmatmd vy igention of
eTOLLY .

Tre Gecomyesition of Menosing triphasphorio amd {427}, 6 i.sf
well rnenm, gimc tor -erargy for shortening the tyosin t*mam‘:sz.,
Bosut-Oyeray (19%6) sdvenacd tbe hysothsels that eanters in which dow
onwposition of ATP ccours are not found in eash wyselr fiver, At thel’

a very short timas hense we csnaot mosume thet tha energy ia o 3=
fareed by dlffvaion msans, The hypothecis aroes thot in this sueq
the trancfer of eneegy occurs on ascount of tha limit of lastronte
axcitﬁien o tha eloctrons, just w iz phenorsie of fmnmscvmr in
eryatels,
mctramly interssting am havo also beas cbtained {Ficher,

Ksnparson, 1046} in & 2tudy of the enargetles of the eytockeonsn, |
wns.ah perfore the oxidation of hydrogen, and as - & resuld mq., & ‘d. Lal

rola in the axtdative processes that tm placs im the calln. The
ey'cochroms contain iron in the dle a6l trivedent form, ’d’ﬂ&“‘*"z o
Toxn i3 conutantly heing cunvertsd o the other, Iy asr&:we.lsy the
sytoohroms représents 3 larga proteir mdlacuis, on ths periphery of

terpts Rave becn made to link the mechanion of the oxidmties mv... *"a-
ducticn of iron to the ctructural pecaliavitiez of .thy oyﬁ& B 77 LN

t0 by pousible, thess atems of irenm should Be sitvated coe ougosite
the sther., Ia the presuce of movs than tvo stins of iver, suob a
distridution i imponxibla. If therc axe uove than two wla zy.rm er
oytochromw, then any of tham should djoin eadd other viot wilk 1

atoms, dut with their protain portiona, In view of {hig, tha t:w ::.h-
anis wan sdvanced thut ihe enzegy is b e aleyred h@tumn b F - UGB
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bin cqn§fugﬁzeg§n&?e§ump%e ve might, 2ite the lnvastigetion of wyoprlo-
<0 eoninetad Dy Bucher and Kasperron. Myoglobia s bandiad to four
mo_eculer of 00, Ghis cormound decoupsses under the actin of 1ight,
g?e myoglobin wolzcule cornsists of an inert Pprotain rucieurn ard a4 ha=
n group, ?hiuh is bonded to the (0. The abscrption specira of the

protein nucieus and hemin group are Aifferent.. The provein nueclous
bas an abgorpticn raximum in the WV region, dne to tyrosine and tryp-
topban; the hemin group bas a maximyi 1: the region of 40D-SN0 1.

Bucher and Nasparson dmterusned the smomi of C) epli’ cut by
irradiating myoglobin with various perts oo the apectram in the re-
gion of ZBOO-5000 A at equal amcuntz of csergy. Thay established tha
the awouat of 0 split out both in Irradistion by light with a wave
length of 2800 R and in irradistion by light with a vave length of
5000 R was the same, in spite of the fast that in the first case the
sbeorriion of ene=gy ocevrred in the protein porticn of the myogledbin
molecule, while in the second case 1v occurred in the henin group.
This phenomenon con be explained by the fact that splitsing out of an!
electron occurs ia the protein molecule under irradiaticn by ultravi-
clet; the eleciron migrates along the pritein to the hanmdn group,
wvhers raduvstisn of ircn takes place, The ~comparatively low quenbium
vield of this reaction, less than 23%, gave & basis for ovjections
(Terenin, Krasnovskiy, 1G49) that in this cess the trsnafer of emergy

could bave occurred thermally, and that heating cculd have led to
thernal dissociation of thar €O of ryoglobin,

Hovavey, taking into coneideration +he fact that accordiing to |
the calculatlons, whe heating in this case is very smali, no were
tasn 14, the experiments of Bucher and Xasperson csn e%ill te cousld-
ered convincing. ’ ‘

Now the question of the possibility of migration ¢f energy in
protein is belng vigorously debated, The experiments of B naisgter
(Lotk), who used the natural chromcprotein riarent, phycocysnin, in
wvhich eight to 16 molecules of the chromophure ave bopded %o a mole-
cule of globulin, as evidence for thle theory, have oubtalned widee
spread recognition. The author obtained a rather hlgh gquantum yield
~=- almost half the energy, where the pouseibility of thermal trensfer
of encrgy was axcludad, A determinacion of tus ahsorption raximm of
the pigment phycocvanin itgelf ehowad thet thisn mexirum lics in the
region of 350-400 mnd 615 &, while that ¢f the prcteln {the dotermi-
nation was performed in hydrolysates) liee &b &75 .

Experima.ts have chown thai the jyuentunm yleld was the peto,
independent of the spectrel regilon ol -tue sousce of ercitstion, Ale
though Banpistar's experinants evoked mary cbjecticns, in particular
jn coanecticn with the fact that the detirmination of the 2uesrption
paximun of the protein wns performed Lot with {he native protain,
tut with a hydrolysats, theae auporiments give e basis Jor asavming
that tue migration of encrgy proceeds along protein bridges. Tu any
casg, the ebscrption spactrum of the protein detarmined ty Banniaster

L couid not differ greatly from tre trus grectyum, since the spoctral
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abyorpeion ow tue prodeln 1w do2 o amiso actis, chiafly tviesing and
seyptopran, witleh remsingd undsriamesnd fn the Lplrolysats . '

erty of Pranch sof Jouwng (L0527 with »el algen, Zn which Shave are
Stree plgmants:  chloropyyll, phyeceveriin, S pheezrythrin, The
ghacrp&i evglon b ohloretyli s WaC~30 K, that of phyunesrticria
SEOuBBY &, vt that of phyoseyanil e« with a mexlam at ebort €80 X,
T wea esushiisaed that Jlucrésceace of chloyopkyll ic obialned with
A high gamniopr yiaid when toc soseer fe freerdlated with Lislt with o
ttanres dengeh of ahovi NG ﬁzf.g which 8 eberrdes =y nhyscarytieda, . At
wha gams Aian, Taumswscence of pbvoonysolr cgcurs.  Dhis shows thet
eblovophyll upd phroeosyenin obbain eaersy from thy ghyeseryirsin,
Lhiclk cen e eocomptrihed galy LUy weang of wigeation of enars)y (Mg,

u),

oen purple bactezsis, wher: & trangfer of ordxyy vaw ouesyvsl fron tho
plgmente thau svaoyk short wavas o the plgmedie ohas apnrs® anng

WEVEE

pygtens and of the weohanlam oY such o wigretion reradns doletabdle,
wovenin and Yeasnersicly (16k¢) beliave that the troudler ¢ elecs

ipaun wlong protein vridgee ie ﬁmyoas}bla, wd thal, mat p?ﬁbﬁhfv,
rdgeation ¢f enwrgy Suoure Hosetionally slory ela’ an o naleorlae,

Placresce 18 edvenced es en cbjestion to the possibility o mgration
}Cf ‘5 I‘erw in__mw“?gl‘bt.%}}: i, i A A . ot - Lttt Y L DY

thip ohencirenon hups boen cirerly demsnsgtrated ip uhe eNparie

B e L T
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Mg, 5. Btrectivaness of axclieticn of flucrerceres of
ehlovophyll (French, Joung), :

1« alsorphiont 2 =~ gadorsphyll "a'y ¥ .. phyeocryibe
pring b =« physocyaning ¥ e Aldn B

fonlozoun dnte heve Laen otlLsiued on the alge Chroscocouz and

Toe ynestion of The yrevilercs of thls rrocesa in hrelogiead

Tae Tned that bhemin ltself dose a0t peisesm irw ablilty o
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Attempta et broader genaralizationg hsve algo teen mede to ax-
plain the pheromenor of migreticn of energy ia a number of tinloagical
processes. Thuis, the hypothesis hes teer advarced that unler tho ace
} tion of erzymea a tranefer of ererpy et & dietunes witncut eny dis~ |
porsior of it always occurs. According to thia theory, the trensfer
of energy in dehydrogerase and reloxase is aczompilshed according to
tbe following schene: for cranple, A -~ hydrogen doncr, B -- hydro- |
gen acceptor. ih?» first step of the transfer is the splitting of the
. compound AH irto ions: AR = A 4+ H. Tn crder for B to entexr ‘nto a
compound with H, B should dbilain a negative cacrge. This charge == a
migrating electren «- passen from A 40 Y.

- .o

.- -

PR

A4+ B = A 8.
i &fter this B adda [

B’ 4 H= BH.

For exarple, in & protein (Mg, 6) moleculen A and B ara situm*ed at
s conaidereble diatence from one arother (at a distence of tens ol
moleculsr racii). Tae protein layer ie surrounded by water, dissoci-
cted irto H nand COH ions., A splits out an elesctron and zoguirza a
positive charge, while H 18 split out into the aqueour aecdivm As A
result, The elccotron migrates along a bridge to B; 3 acguires a reg-
ative charge, aud a8 & resuit geizes a hydrogen frcm the ecterral me- |
dium, Therz i3 no direct trznsfer of the hydrngen ion; the resction
is accompliahed by transfer of an electron,

Fig, 6, Scheme of migration of w1 sluctron vnder the |
action of delydvrogenaae. i

e . B o wap lommn mm ey B W g wce W W

At prasent there are a number of points of view on the noasi.
ble mechanism of tiue migration of energy in rroteins. As hag already
veen indiceted above, the eliectrenic typr of energy amlgraticn 1s pos-
sidle in erystal structures vhere Tres corduction Lanés exict, The
presence of Tree corduction bands 1s usunlly d2tected by ea increase
1n the electrocorductivity under the app.opriate influence (irralise

aPotuy. e Ll R A L
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ﬁicn). Ia view of thiz, exparimontr in vhizh it wap ocssidle to de-
et &t fneraaca in ihe elu trovrpdactivity when p*otain 23 irredi-
ated, huave Lesr funtuehed 10 cewm.n~iraie yhe possibility of migretion
of auermy ‘o omrcieln,  Thus, fov evarpie, ia the liphs Szenu—Gynrgy
(1956) detuetad an ‘ne-emse in the elzct troeonductivity of gelatin t0
vhich pigmont syste:e aeve been adlad, However, he 41d not demfie
airase ttﬁu 2u~h an sPfect wisht te due only to the pigmsct,

A negligiole inerears ‘n the elecirocorductivity ras wlso
found ir ancoicred gelatin (Riehl, 195%), whlea might poisidhily ve dus
o apurities, We shonld consider in <his euss the fact that gelatia,
atnzug a protein, alfifers greally from netive proteins in ita girucs
tura anl propsirtlies, '

Heny waseayciera (Ternniu. Keasncvakiy , LohY} considey the
glentronic type of snecgy mizraiion ia protaxna g8 ratoblvaly in prob-,
abla, dus ¢ the ghaence of any cryttal atructure iu then,

Tn addition %o the possibllity of migrat ten of enevgy b meansg
of electyouns, the hypothesis has been sdvanced “hat such a migrstion .
may e zccomplished on account of motion ¢f prouens,

(On the bueis of his inveatigzatiors of energy mipration ir ice,
Riehl acgvancad tie hypothesis that the same type of migration of ene
ergy can aleo czevyr in proteina. In this case the proton conductor
may be sclvatad water or the surfsce of the protein mlecules, wbich,
an 1s well known, pozsesses the yroperties of ize, The rol2 of the
factor orecting an ordared etruﬂtmne according to thim hyrothesis,
is piayed by tha polypeptide chairs of the proteins, oo whilch the
water 18 cornected by @mesis of hydrogen honds, beecrding to this
scheme, if *ha formaticr of an lon welr OH and HO occurs in cny sec-

ticn, the protcn fa ‘the oxonium ion passas to the neighboving mola-
cule:

. -

~ e,

R

At L. R s s el ke et n Ceme s oo,

O
B0 H~0. . O—H-0.
H+ HS i H

O e e G - Cwrerd o WSS . e

Certain researchers {Vliedirirov, Konev. 10571 onld.» th-L thes
moot probuule mechanism ¢f the migration of ~~rgy noprettatt e )
teus ‘8 & resonance mechanism, which way prov- sad b, Javiic. sod :

thie cese a crystal atructure is not raquired; it 1s neces:ury col)

l~?e1ren to expluin the migration of energy between 1 aoiecur e, Ja §

e
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! W a‘“'«. TR e sae. o T 0 . cerasts O I PO, B W €5t 1B o0 o IS, &
EE:;: :r:hugg;gy{donOt roosess Zludrescence, tne spectyum of which overa
Ve +t! 2 aororpglon spectrun of the accepror, and tlst th: donow °

Pue ne x.a;;c tuan é'i)oi away Jrom the accentos, ; °

: Aese concivions, In the opinicn af the avtho: {catad

: atove, are satlsfied 1n’prcteinn.p Fornex:mpga ‘zm?§8°a§§i;°:§ZSrbea

gon paper nossuds fluorescence, and the spectra’ot smine neléds nnd pro-
i teins overlap en mass:, as 's shown by many investigatiors !Wever
| 1953; Bannister, 195k; Schore, Ferdes, 195G). The opinicn exiats
i (Schridt, 1947) that the hydrogen beads thot create the Goudble bond
ip aride chains ere tne resonat!ng syvetem ¢ the rrotein ralezule,
ﬁ ~ Thera are a rurter of experimentel fucta in fave: ¢f the cone
{ cept of a reaocnance mucbanism ol the uﬁg;axionhof enargy in rrotsein,
| Tnvestigations of the migration of enerzy on paycoerythrin (Konev
3 | 1957) rave shown that heating or She sysvem to £0°, leading to dena- |
} j turaticn of the protein, dces not disrupt the mechenism cf the energy :
transfer. 1In the case Of electron transfer, denaturatior should have |
dierupred the migratior process, since in this cese the structure cf
| the protein, which 1s & necessary conditlion for electronic migraticn
(the existeance of a conduction zone), is disrupted, However, in na-
tive proteins both types of energy migration are apparently possible. :
It has been found, for example (Konev, 19%7; Viedirmirov, Kornev, 1087),:
that therc ave “wo fluorescence maxima in native proteins under exci- ;
tati¢gn bty visible light «« in the region of 280-2 end in the rvegion of:
ko X, The first maximum did not disappear after denaturation, The | -
sscond maximum, which was observed only in natlve proteins, disep- !
pears uvnder the influence of heat and other denaturing ageuts {ures, '
r¥). On the basie of this the authors make the quite corrent asaump- .
tior that %o tranafer of energy in the second maxiaun is related to
th2 structural organization of the protein and assume that in this i
systen tha transfer of energy takea place through the electicns ace
cording 4n the zcne conduction type, Work with paramagnetlic -agzonance
also supports the theory that such conductior bands can exiet ir pro-
teir, With the aid of this methcd, Blyunearel'd and Kal'nurson :
(1957) detected maxima balonging o free delccalized clectrons in ame
iro scids, Analogous maxima have hean found bv this came methed in
netive protains (Cormoner, Hrise, 1557).

The hypothesis of the ponsibility of elactronic migration of !
| energy during the conduction of & nerve irp.lss (i1ehl) ie based on :
| purely external analogies, However, we cennct but consider the fact |
<hat when a cell pass2e into a state of excitatlion during cre passage
: of ar impulse along a rerve, structuring and polymerization czour ,
leading to the formaticn of threadliks: raversihle structures, slong
. wvhich migration of energy might be sccomplisheld, The roasibility of
. electronic trunsfer in this cesu is douduful, uince numercus sxperl.
| ran“s of various suthore heve shown that ¢ zeguetic field does not
! influence thie process,

i Vievs ara exprassed that the migration of erergy Ly clectrons
| playe a vital role in the process ot photusynthesis, In sn enalysis
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L:.tm production of mutations, In an tnveatigation »f the dependence
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(' Ve Biluetics ¢©f thc p‘mtuwn ¢_HU ceccrd, 1T has Lesa established

23N tui3 procese g mele vp g twe ‘.CSuin raaciioar, *he Llrgt of
:x i develaps at tha noweat o1 iry uu.sr.i'm w‘u“ t‘ -v«'f ud ta.'.ea
rlate efiey e Lllusinarior ass neaned (*\)&GHJ ante Zartt womnetion).

:x Yc:ﬂ\ with ‘hﬂesr‘i steat gelwe alludnotd i, ‘r w3 esuehiil sled
:,..t_z.‘ AR Sa:d mus: &fio bives-ss of puctosynthesis 1s athieved at a defe
wmyite yatily of Lhe pe‘ioms «f lllumication and darkies:s. 'Tne lavese
tigatics of thoue relmtionsulne Lod o the ecozclusion chas 13a shiop-
ophyrl mdlecula 13 eonelcerably larger than the poin‘r ir which the
gk coaction tnkas plaze, Qae "derik" wint accovnte Per oo gverage
¢ op to 2000 iwiacudes of chloronkyll, whick cupplv encrgy o these j
raurte,  Cajcusetions have shavn *hat anch a nmuaber ¢f cblorophvil ;
raleculas carsot be alatriovted arcwrd “he dark polut vherce the orame!
ical rgacvion ‘tukPB vLace {n quen a wav t.nut &1l the roleculos are
directly in covtast with 1t, Nor can a ddstribusion of tiue ohloro-
POyll moleciies in saveral isyer:s gaarantaes s transfer of ~nargy,
giuce the migration of onersy in chloronkyll does not ocowr, in cen-
rection with the Tzet toat “here oxe e froe copiuction bauds in
calcrophyll. A satiefactory mudel euplaining the prusibility o ev.
erdy migretlon frow the chlorophyll rolucules to the dark xeints was |
creaced on the Lnsis ¢f mworpkoiogicai duts ever bvefore toe quegsica |
of migration of erarm arose., In thie schems a procein bridse plays
tha role of a conluczion band., An slectrnn frea the ealarepayli mole|
eculas poves slong this Hridge to the center wherve the chenical reans|
tion iz ueecorpiished. it i« mt, et slewr bow migratinu nl aneryy iei
sccomplishad in this tridge. Tozsibly the transfer of ersvey 1% 8c¢-
complisned v a2 Wway analogous Lo ‘oha. proposed by Frenxsl in th» exe
citen thaory, keankel proposzd toet the trsnuls: oF suergy is accom
olivted V¥ L osuccossive tronsition oF the mclechle into a state of
ex:itation or oy aeans of vibwsation, An axyparimantal approach €0
eoaving this problem ia diffisnle: nence, thia theory 14 e yet specw
ulative in notuye, A geeat role hers sk ou" he olaed Ly st e tipae
tinns of piements in vive (Litvin, 1958). Inter.stirg dsts Lave bien
coteired 1n experimente on the alge Jhroocutcus | franld, Oppevnbatzar,
1970), which hus twa vigaents - cblompr'r.a.. srd phyeneyacin, the
sp:ctral absorption regions of which lie far Yrom one cmenhr The
rakinum for chooraphyll Jier in the wveglon of (000 %, that fuo wlyeue
'yanln ir the region of WOO0 R. Experineatal im'e,s“.*ntim,.. vhaw
that in irxradlabion by tie poriion of the spectrum “bha’ 14 . ghe
sorbed b physocyanin, and by that whicl 1u absorbad by chils ophyll, |
thus quanivn yiold proves to ba the sara., Photcsyntiaasim can he ac=
complisnsd only by clucrophyll, In tha lrradiction of phycocyanin,
the aleoircns apparenvly migrate firom the shyccevsnin molecuics o
the cnloropuyll molscuvles, as & reau‘s.t nt which mhotcevathunl, 12 ace
Complieh‘d.o
One of the facts advurccd in Levor of the thoory of mixarto

of erargy was discovaral in & study of th2 quantitatlive principles nf
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of the eppearancs of mutetions on the dess Of Xe» : »

\ J L ->ays (Riehl, hompe
Tlmofeev-Rasovely, 1943), 1t was estiblished that mutation éun e 3b-
ta}nad aftor influence on even one or acveral stoms, 2Jelculating +he
volume ir which the incidance of the photon shousd cesur (d.4. the

prodarility of srresrance of a mutaiion causaed by radiatiorn); tney
found thrt |

O e S At - . ¢ T e, S ——

, where a is the nurber of atomn in the section of incidenze; A is the
i nurder of atome in 1 emd; p ic the "efficiency"; z e the pumber of
| ionizetions in 1 cm3, |
Determining the value of A on the basie of orparimental data,
the suthors showed that the amellest volume of incidance was many
times (approximately 1000 tiwes) greater than the volume cesupiced by
j the poluocules thut react to the incildence of the phcton, Cavtain
i authors attempt ©o explsin this effect of migration of energy in the
mitation nrocess by diffusion of water radicals, formed in the irradid
ation (Zirkle, Tobilasch, 1953}, S A
Specking of the possivility of migration of energy in dblologics
al systems, we muat take into conslderation the fact that there are |
vest differences hetween modsl axperimentn on proteins and actual x
physicochemical conditions. Tavestigations of the physicochericel
state of living protein show that it posscsses some sort of labile
wonds and struvcturs thet ara not at all reproduced by proteins 1s0-
lated from tae cells, It is well Xuown that etructurirg of protos-
plasm takes place under excitation and upon transition to the active
state, It 18 couverted to a gel, anrd fibrillar structures nye dew
tected in it. This should create favorable conditions for tie migres
tion of energy. It was desoribeld long ago that under irsitatlon and
the injtial stages of necrosis, protoplemm scquires the ability to
iuvmineace, : ’
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